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ess: rgrsz@uol.com.br (Summary The recent development of treatment modalities for patients with
idiopathic pulmonary arterial hypertension has been based on the evaluation of
many different markers such as functional capacity, addressed by NYHA classifica-
tion, six-minute walk test (6MWT) and hemodynamic parameters. The aim of this
study was to evaluate the correlation of N-terminal fragment (NT-proBNP) with other
markers in IPAH and its potential for patient stratification.
We studied 42 IPAH patients consecutively evaluated through right heart
catheterization in the absence of any specific treatment for pulmonary hyperten-
sion. Blood samples, clinical evaluation and 6MWF distance were collected at
baseline.
The levels of NT-proBNP showed a high correlation with hemodynamic
parameters, such as pulmonary vascular resistance (r ¼ 0:80, Po0.001). A significant
difference was found among patients with different functional classes, addressed by
NYHA classification (Po 0.02 for all groups comparison). The discriminant analysis
reinforced the ability of NT-proBNP to stratify patients according to NYHA functional
class. Compared to the other variables studied (hemodynamics and 6MWT), NT-
proBNP had the lowest level of overlap in the stratification of IPAH patients.
We conclude that NT-proBNP differs among the different functional classes and
correlates with other measures of disease severity, although its role in predicting
survival still needs to be addressed.
& 2006 Elsevier Ltd. All rights reserved.Elsevier Ltd. All rights reserved.
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Idiopathic pulmonary arterial hypertension (IPAH) is
a disorder of unknown etiology characterized by
the obstruction of small pulmonary arteries leading
to progressive right ventricular failure.1 Although
there was a significant development in therapies in
the last decade,2 the survival rate remains un-
satisfactory.3,4
Among all clinical trials of medical treatment for
IPAH, published in the recent years, the six minute
walk test (6MWT) was the most-used end point.5
The 6MWT is a submaximal test, highly reproduci-
ble, that has been shown to correlate with survival
and treatment response not only in IPAH3,6 but also
in other forms of pulmonary hypertension as those
related to scleroderma7 and Eisenmenger.8 The
6MWT has been mostly studied in patients with
NYHA functional class III and IV; however, its role in
less-advanced disease (class I and II) has not been
addressed, resulting in the question of whether it
would be sensitive enough in this subset of
patients.
Hemodynamic measurements through right heart
catheterization have been shown to reflect prog-
nosis in pulmonary hypertension, allowing the
development of a formula based on the NIH
registry9,10 to predict survival. Nevertheless, it
requires an invasive procedure and it is not clear if
hemodynamics at rest clearly reflect the extent of
pulmonary vasculature involvement in IPAH,
although a baseline measurement is needed for an
accurate diagnosis of the disease.11
More recently, natriuretic peptides have been
used to address heart diseases, mainly left ven-
tricular dysfunction and myocardial infarction.12,13
Pro-BNP is a pro-hormone produced mainly by the
ventricles, which is cleaved into an inactive N-
terminal fragment (NT-proBNP) and into its active
form BNP (brain natriuretic peptide); eventually
both are secreted into circulation by the cardio-
myocytes.14 In pulmonary hypertension, BNP has
been shown to correlate to functional status15 and
treatment response,16 and to be an independent
predictor of survival.17,18 NT-proBNP has a longer
half-life in blood and has been shown to be a
marker of pulmonary hypertension in scleroderma
patients.19 In IPAH, NT-proBNP presented a good
correlation with hemodynamics20 and also reflected
treatment response.21 However, it has not been
demonstrated if natriuretic peptides would be able
to accurately stratify patients with IPAH from all
different functional statuses.
Stratification of patients is based mostly on NYHA
functional class.22 It is certainly easy to use but
relies on the patient and/or physician perception ofthe functional limitations. This could impair its
ability to reflect changes mainly after specific
interventions. Thus, a non-invasive marker that
could reflect the functional capacity and could also
be correlated to the hemodynamic status would be
a useful tool for the correct stratification and
follow-up of IPAH patients.
The aim of this study was to evaluate the
correlation of NT-proBNP with different response
markers in IPAH and its potential for patient
stratification according to disease severity as an
adjuvant tool to NYHA functional class.Methods
Patient group
From August 2003 to May 2005, 42 patients with the
final diagnosis of IPAH were consecutively enrolled
in this study. Patients were on conventional therapy
(anticoagulation, diuretics and cardiac glycosides)
but without any other specific therapy to pulmon-
ary hypertension. The diagnosis of IPAH was
confirmed based on the International Symposium
on pulmonary hypertension criteria.11 Thromboem-
bolic disease was ruled out by ventilation-perfusion
scan or spiral CT scan. Lung disease was excluded
by pulmonary function tests and CT scans. Con-
nective tissue diseases were excluded by physical
examination and serological markers. Patients that
presented a mean pulmonary artery pressure lower
than 25mmHg or a pulmonary artery occlusion
pressure higher than 15mmHg at the right heart
catheterization were excluded from the study. The
study was approved by our institutional ethics
committee.
Hemodynamics and exercise capacity
measurements
A clinical evaluation, including NYHA functional
class and 6MWT, was performed at baseline. The
6MWT was performed on the same day of the
clinical evaluation, according to the recommenda-
tions of the American Thoracic Society23; the
distance walked was recorded, regardless of any
interruption.
Hemodynamic evaluation was performed in all
patients while breathing room air, at supine
position, within 1 week of the clinical evaluation
without any change in treatment or in clinical
status. All patients presented arterial oxygen
saturation greater than 90% at the beginning of
the measurements. A 7F flow-directed pulmonary
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Table 1 Baseline clinical and hemodynamic data.
Age (yr) 37 (2)
Gender (male/female) 10/32




Six-min walk test distance(m) 427 (21)
NT-proBNP (pg/mL) 1074 (201)
NT-proBNP for severity stratification in PH 71artery catheter (Baxter Healthcare Corporation,
Irvine, CA, USA) was used in all patients. Cardiac
output (CO) was measured by the standard thermo-
dilution technique. Cardiac index (CI) was calcu-
lated as CO divided by body surface area (m2).
Indexed pulmonary vascular resistance was calcu-
lated by the following formula: 80 (mean pul-
monary artery pressurepulmonary artery
occlusion pressure)/CI.Right atrial pressure (mmHg) 12 (2)






Cardiac index (L/min/m2) 2.3 (0.2)
Indexed pulmonary vascular
resistance (dyn cm5 sm2)
2029 (202)
Results are presented as mean (SEM).NT-proBNP measurements
Blood samples were collected at the beginning of
right heart catheterization. In 12 patients, the
blood tests were taken more than 7 days after
hemodynamic measurements; therefore, their va-
lues were not used in the correlation analysis. The
samples were centrifuged within 60min of collec-
tion. The resulting serum samples were stored at
70 1C. The NT-proBNP measurements were per-
formed on an Elecsys 2010 instrument by a
sandwich immunoassay (Roche Diagnostics, Basel,
Switzerland).Statistical analysis
All the results are expressed as mean (SEM). We used
a Pearson correlation coefficient to evaluate the
correlation between NT-proBNP and the other
continuous variables. We have also used analysis
of variance (ANOVA) for the evaluation of all
continuous variables and NYHA functional class; a
Bonferroni post hoc test was applied for multiple
comparisons when statistical significance was ob-
tained. A multiple regression model was used to
estimate the impact of hemodynamic data and NT-
proBNP in the NYHA functional class determination.
A discriminant function analysis was performed to
determine the ability of NT-proBNP to classify
patients according to NYHA functional class.Results
Baseline hemodynamics and clinical characteristics
of the 42 patients enrolled in the study are listed in
Table 1. These data are in accordance with
previously published data from IPAH patients.
Linear regression analysis disclosed a significant
association between NT-proBNP and right atrial
pressure (r ¼ 0:68, P ¼ 0:004), mean pulmonary
artery pressure (r ¼ 0:58, Po0.001), cardiac index
(r ¼ 0:70, Po0.001) and indexed pulmonary
vascular resistance (r ¼ 0:80, Po0.001) (Fig. 1).There was a trend in the association between NT-
proBNP and the 6MWT distance (r ¼ 0:31,
P ¼ 0:052). Functional class presented significant
correlation with 6MWT (r ¼ 0:49; P ¼ 0:001),with
NT-proBNP (r ¼ 0:81; Po0.001) and with hemody-
namic data, considering cardiac index (r ¼ 0:70;
Po0.001), indexed pulmonary vascular resistance
(r ¼ 0:72; Po0.001) and mean pulmonary artery
pressure (r ¼ 0:52; P ¼ 0:002).
We used analysis of variance to assess the
differences between each one of the measured
parameters at the different functional classes. The
NT-proBNP levels were significantly different at
each one of the functional classes (Po0.02 for all
group comparison) (Fig. 2). The discriminant ana-
lysis evidenced a high significant model (Table 2)
that allowed patient stratification into the differ-
ent NYHA functional classes according to NT-
proBNP. Cardiac index, although significantly dif-
ferent at global analysis (Po0.001), showed no
significant difference among functional classes II, III
and IV (P40.26); the same pattern was noted with
6MWT distance and indexed pulmonary vascular
resistance, and the global comparison resulted in a
significant difference among groups (P ¼ 0:005 and
0.001, respectively), but the post hoc analysis
showed only differences between more preserved
(functional classes I and II) and more advanced
disease (functional classes III and IV) (Po0.04).
The analyses of NT-proBNP, 6MWT distance and
cardiac index in a multiple regression model with
NYHA as the dependent variable resulted in a very
significant model (r ¼ 0:89; Po0.001) where NT-
proBNP was the only significant factor (Po0.001).
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Figure 1 Linear regression between NT-proBNP and indexed pulmonary vascular resistance (r ¼ 0:80, Po0.001).
Figure 2 Association of different markers and NYHA functional class. (A) CI—cardiac index; (B) PVRi—indexed
pulmonary vascular resistance; (C) 6MWT—6-min walk test; (D) Ln NT-proBNP.
R. Souza et al.72Discussion
Our results showed that NT-proBNP not only has a
strong correlation with hemodynamic parameters butalso differs among the NYHA functional class allowing
patients’ stratification according to disease severity.
The small number of patients enrolled should be
seen as a limitation of our study, even considering
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Table 2 Discriminant model for stratification in NYHA functional class according to NT-proBNP.
NYHA functional class
I II III IV
Ln NT proBNP (a) 2.624 4.438 5.774 7.084
(Constant)(b) 5.272 12.502 20.202 29.714
To classify a patient into the NYHA functional class based on the NT-proBNP level, the obtained level should be log transformed
and then multiplied by (a) and added to (b) for each column. The column that determines the highest value will then evidence
to which NYHA functional class that level of NT-proBNP is related.
NT-proBNP for severity stratification in PH 73that the clinical and hemodynamic data from our
population resembled previously described data
from IPAH patients.9 Seven of our patients were
included in our previous study about NT-proBNP20;
nevertheless, the broader spectrum of functional
capacity in this study strengthens our previous
findings on the correlations of NT-proBNP and
hemodynamic variables in PAH.
Hemodynamic measurements are well recog-
nized as prognostic markers since they somehow
reflect the progressive obstruction to blood flow
that is characteristic of pulmonary arterial hyper-
tension.5 However, it is not clear if baseline
hemodynamics reflect all the heterogeneity of the
pulmonary circulation in the presence of the
disease.24,25 Right heart catheterization is still
mandatory for diagnostic confirmation, for the
acute vasodilator challenge and treatment follow-
up,26 in spite of its limitation due to invasiveness.
Natriuretic peptides have been used as markers
of heart disease based on the observation that they
are involved in the activation of the cyclic
guanylate cyclase system as a counterregulatory
mechanism in heart failure, probably with in-
creased cardiac wall stress as the trigger mechan-
ism.27,28
Natriuretic peptides have also been correlated
with hemodynamic parameters and prognosis in
patients with heart failure.29,30 In pulmonary
hypertension, NT-proBNP has been correlated to
the hemodynamics and to the acute response to
nitric oxide.20 Similar results have been described
in systemic sclerosis-related pulmonary hyperten-
sion.31 The same behavior can be found in this
study, in a larger population of patients. Further-
more, NT-proBNP demonstrated an ability to
stratify patients according to the functional class
superior to any other marker studied, even con-
sidering patients with functional class I or IV.
Previous studies with BNP have addressed disease
stratification in patients with pulmonary hyperten-
sion, but the limited spectrum of functional classes
of these studies did not allow a proper analysis ofthe ability of BNP to reflect disease severity in such
patients,32 despite its role as a prognostic marker.18
One of the limitations of the use of the NYHA
functional classification is the subjectivity that may
be involved in the patients’ report of their
symptoms and physicians’ interpretation. Even
though, the NYHA functional classification has been
shown to correlate with prognosis in pulmonary
hypertension.3 In our study, patients’ functional
class was addressed by the same trained physician,
blinded to all other variables of study, including the
results of NT-proBNP throughout the inclusion
period; hence the variability might be lower than
that usually reported. This approach was chosen
once the main objective was to show that NT-
proBNP could be used as an adjuvant and not
necessarily a substitute tool to functional class. The
NT-proBNP was independently associated with
functional class in our study; furthermore, the
discriminant analysis evidenced a high significant
model where levels of NT-proBNP allowed the
stratification of patients at least as the NYHA
functional class, although this model should be
confirmed in another study population in order to
be used. This result, together with the high
stability of NT-proBNP in the serum and the fact
that this test can be performed under routine
laboratory conditions,14,31 indicates that NT-
proBNP may be a useful test in the clinical setting
for patient stratification, potentially better than
the 6MWT, considering patients with less severe
disease.
The 6MWT is a highly reproducible test and has
been used as the primary end point in most of the
clinical trials in pulmonary hypertension.33–36
Nevertheless, the majority of the patients included
in those trials were of functional classes III and IV;
there are no data validating the use of 6MWT in
patients with less-advanced disease. In our study,
although 6MWT would perfectly differentiate pa-
tients with classes III and IV from patients with
functional classes I and II, we found no significant
difference within these two subsets, even with a
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R. Souza et al.74significant correlation with hemodynamics and
functional classes when considering the whole
population.
The lack of survival data could be considered a
limitation of the study once the proposition of cut-
off values that could determine not only disease
severity but also long-term prognosis would be of
major impact in the utilization of NT-proBNP in
daily practice; however, this would demand for a
larger and homogeneous cohort, considering the
many therapeutical options available nowadays. In
spite of this limitation, our results showed that
disease severity can be addressed by NT-proBNP,
justifying the long-term studies needed to define
true values for risk stratification.
Our study showed that NT-proBNP, among the
different variables studied, including hemodynamic
parameters and 6MWT, was the marker with lower
degree of overlap considering the different func-
tional classes. This brings up the possibility of a
more specific and certainly less subjective stratifi-
cation of patients, which could be of significant
importance for the follow-up of patients under
different treatment strategies.
With the growing interest in pulmonary hyper-
tension pathophysiology and treatment, a better
patient stratification is necessary to appropriately
address the therapeutic options available and those
still to be tested. Our results strengthen the
previous findings on the use of NT-proBNP as an
independent marker in IPAH. Although its role in
predicting survival still needs to be addressed, NT-
proBNP differs among the different functional
classes and correlates with other measures of
disease severity.
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